Mutual antagonistic interactions between the thyrotropin (adenosine 3',5'-monophosphate) and protein kinase C/epidermal growth factor (tyrosine kinase) pathways in cell proliferation and differentiation of cultured human thyroid follicles.
Our aim has been to delineate the role of the major signal transduction pathways believed implicated in the control of thyroid function and growth: the cAMP-, epidermal growth factor (EGF) (tyrosine kinase)-, and protein kinase C (PKC)-mediated mechanisms. The experimental model used was our system of thyroid follicles of human origin cultured in suspension under serum-free conditions in which the follicular three-dimensional structure is retained. The phorbol ester 12-O tetradecanoylphorbol 13-acetate (TPA) time and dose dependently (10(-11)-10(-7) M) inhibited TSH-stimulated thyroid functions (cAMP formation, iodide uptake and organification, and T3 secretion). TPA also inhibited such forskolin- and 8-BrcAMP-stimulated effects, suggesting that the attenuation of the cAMP-dependent pathway occurs at steps both pre- and post-cAMP formation. The effects of TPA were mimicked by another PKC activator, phorbol 12,13-dibutyrate, but not by a phorbol ester that fails to activate PKC, 4 alpha-phorbol 12,13-didecanoate, and were reversed by staurosporine, a PKC inhibitor. The TPA actions seem, therefore, to be PKC-mediated. EGF exhibited a time- and dose-dependent (0.02-8 nM) restraining influence on the above TSH-stimulated differentiated functions, except for cAMP, which was enhanced. EGF also blunted such forskolin- and 8-BrcAMP-induced response parameters, suggesting inhibition at a post-cAMP locus. Regarding cell proliferation, during the initial stages of culture (day 2), TPA dose dependently (10(-11)-10(-7) M) attenuated cell proliferation, but subsequently (day 7 of culture) the same doses of TPA stimulated cell multiplication. The TPA-mitogenic and antimitogenic effects could not be mimicked by 4 alpha-phorbol-12,13-didecanoate and were reversed by staurosporine, thus indicating a PKC-mediated pathway for such TPA actions. EGF, on the other hand, only enhanced cell proliferation at a late stage (coincident with the TPA-mitogenic effect). TSH (0.5 U/liter) inhibited both the mitogenic and antimitogenic actions of TPA as well as the cell-proliferative influence of EGF. In conclusion, the data demonstrate mutual antagonistic interactions between the signal transduction pathways: the PKC and EGF (tyrosine kinase) pathways seem to inhibit TSH (cAMP)-mediated human thyroid cell differentiation, whereas TSH attenuates PKC-mediated thyroid cell mitogenesis and antimitogenesis as well as EGF-mediated cell proliferation.